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emitter and receiver module and a LiDAR. The light

emitter and receiver module includes: a light emitter

module and a light receiver module. The light emitter /Ba

module is configured to emit a detection beam; the light : 3 A
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receiver module is configured to receive an echo beam of
the detection beam reflected by a target object and con- e , Sty
vert the echo beam into an electrical signal; and a field of A KR RHRERE, KA
view of the light emitter module configured to overlap H24 :
vertically with a field of view of the light receiver module.
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In a first direction, a size of the field of view of the light

emitter module is larger than a size of the field of view of o

the light receiver module, in a second direction, a size of v

the field of view of the light emitter module is smaller than V2,

a size of the field of view of the light receiver module, and V1, "

the first direction is perpendicular to the second direction.
The above solution can increase the design margin of a
light-emitting surface of the light emitter module and a
light-sensing surface of the light receiver module. In such FIG. 2A
a case, the light alignment accuracy can be improved,
and the consistency and stability of the distance mea-
surement capabilities of various channels can be en-
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Description

TECHNICAL FIELD

[0001] Embodiments of this disclosure relate to the
technical field of optical perception and, in particular, to
a light emitter and receiver module and a LiDAR.

BACKGROUND

[0002] Based onthe autonomous driving classification
system currently used uniformly in the industry and for-
mulated by the Society of Automotive Engineers Inter-
national ("SAE International"), autonomous driving is
divided into six levels in total: LO, L1, L2, L3, L4, and
L5 based on degrees of automation from low to high,
among which, L4 and L5 are ultra-high-speed autono-
mous driving and fully autonomous driving, respectively.
They are two levels with the largest degrees of automa-
tion. Drivers do not need to deal with intense driving
situations and can even sleep peacefully or leave their
seats.

[0003] To achieve higher degrees of automation in
autonomous driving, the autonomous driving industry
needs high-performance LiDARs capable of automo-
tive-grade mass production to serve as the primary sen-
sor for L4 and higher levels. At present, a relatively
mature technology is still a mechanical LiDAR which
can only have 128 lines, with a vertical resolution close
to 0.1° in some dense regions. To achieve a distance
measurement capability of nearly 200 meters, this kind of
LiDAR typically uses an edge emitting laser ("EEL") and
an avalanche photo diode ("APD") as core components
of the light emitter and receiver module, the production
cost and efficiency of these components are very unfa-
vorable for popularization and application.

[0004] A \vertical cavity surface emitting laser
("VCSEL") and a silicone photomultiplier ("SiPM") gra-
dually show obvious advantages over the light emitter
and receiver module composed of the EEL and the APD.
They facilitate the development of a LIDAR with a higher
resolution, and their performance is gradually approach-
ing or even surpassing than that of the latter, wherein the
VCSEL emits light vertically. When the VCSEL is com-
bined with the SiPM, symmetrical optical paths can be
used, which has highly efficient lightalignmentand is very
stable under various vibrations and temperatures. More-
over, the SiPM uses a low-voltage complementary metal-
oxide-semiconductor ("CMOS") process, so the SiPM is
very suitable for being integrated with a readout circuit.
These make it possible to build a high definition 1 dimen-
sion ("HD1D") line array, paving the way for rapid produc-
tion of low-cost and high-performance LiDARs.

[0005] However, a single photon avalanche diode
("SPAD") is difficult to be used in a high-performance
LiDAR because once the SPAD is triggered, the device
requires tens of nanoseconds to recover its response.
When an echo signal is very strong, it is difficult for a
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single SPAD to accurately reflect the time of the echo
signal during single detection. Time of flight ("ToF") in-
formation can be determined only after hundreds or
thousands of pulses are counted. Therefore, multiple
SPADs need to be combined into a SiPM array.

[0006] One benefit of using a combination of the
VCSEL and the SiPM in the light emitter and receiver
module of a LiDAR is that emitting and receiving circuit
boards are both perpendicular to the optical axis. When
an optical-mechanical structure slightly deforms due to
temperature or stress, especially when a circuit board
itself warps, it typically does not cause significant shifts in
light alignment, that is, a correspondence relationship
between emitting and receiving channels is basically
stable. Such optical architecture makes it possible to
achieve overall light alignment, greatly reducing the time
needed for assembly and adjustment.

[0007] However, to ensure the consistency and stabi-
lity of the distance measurement capabilities of various
emitting and receiving channels, it is needed to further
improve the light alignment accuracy of the light emitter
and receiver module. How to improve the light alignment
accuracy is a technical problem that needs to be solved
by those skilled in the art.

[0008] The contents ofthe background sectionare only
technologies known to the declarer and do not necessa-
rily represent the prior art in this art.

SUMMARY

[0009] In view of this, the embodiments of this disclo-
sure provide a light emitter and receiver module and a
LiDAR, which can improve the light alignment accuracy,
the consistency and stability of the distance measure-
ment capabilities of various emitting and receiving chan-
nels can be ensured.

[0010] First of all, the embodiments of this disclosure
provide a light emitter and receiver module, including: a
light emitter module and a light receiver module,

the light emitter module is configured to emit a de-
tection beam;

the light receiver module is configured to receive an
echo beam of the detection beam reflected by a
target object and convert the echo beam into an
electrical signal, and

a field of view of the light emitter module configured
to overlap vertically with a field of view of the light
receiver module, in a first direction, a size of the field
of view of the light emitter module is larger than a size
of the field of view of the light receiver module; in a
second direction, a size of the field of view of the light
emitter module is smaller than a size of the field of
view of the light receiver module; and the first direc-
tion is perpendicular to the second direction.

[0011] Optionally, the light emitter module includes:
multiple light emitter units; each light emitter unitincludes
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multiple light emitter points; the multiple light emitter units
share a common cathode or a common anode; and each
light emitter unit has a connection point; the connection
point is electrically connected to unshared anode or
cathode of the corresponding light emitter unit;

the light receiver module includes: multiple detector
units; each detector unit includes a detecting region
and a connection point; and at least one detector unit
and one light emitter unit form a detection channel.
[0012] Optionally, the light emitter unit includes two
light emitting regions; each light emitting region includes
at least one of the light emitter points; the two light
emitting regions share a cathode; and each light emitting
region has a connection point.

[0013] Optionally, the multiple light emitter units of the
light emitter module are arranged in multiple columnsina
vertical direction, and the multiple columns of light emitter
units are staggered from each other, to cause the detec-
tion beams emitted by the various light emitter units to be
staggered from each other in a vertical direction;

the multiple detector units of the light receiver module are
arranged in multiple columns in the vertical direction, and
the multiple columns of detector units are staggered from
each other; and the field of view of each detector unit
overlaps with the field of view of the emitter unit corre-
sponding to the detector unit.

[0014] Optionally, the light emitter units are indepen-
dently packaged lasers, and each light emitting region
has an individual substrate.

[0015] Optionally, at least some of the multiple light
emitter units of the light emitter module are integrated and
packaged into a single light emitter.

[0016] The light emitter module further includes: a
driver; the driver includes multiple driver units; and each
driver unit is configured to drive the corresponding light
emitter unit of the light emitter to emit the detection beam.
[0017] Optionally, the connection points and the light
emitting regions of the various light emitter units of the
light emitter are arranged in columns, respectively.
[0018] Optionally, the light emitter includes:

multiple columns of staggered light emitting regions;
and

connection points that are arranged in a single col-
umn and correspond to the various light emitting
regions, and the connection points arranged in the
single column are arranged in a side region of the
light emitter;

the driver is arranged on one side close to the con-
nection points of the light emitter units of the light
emitter; and connection points of the various driver
units are electrically connected to connection points
of the corresponding light emitter units, respectively.

[0019] Optionally, the light emitter module includes
multiple light emitters and multiple drivers, and

the multiple light emitters are arranged in multiple
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columns in the vertical direction, and the multiple
columns of light emitters are staggered from each
other; and

the multiple drivers are arranged on one sides of the
corresponding light emitters close to the connection
points of the light emitter units, respectively.

[0020] Optionally, the light emitter module includes two
columns of light emitters, and the two columns of light
emitters are arranged in a centrosymmetric manner; and
the connection points of the light emitter units of each light
emitter are located in an outer side region of a light
emitting region formed by the light emitting regions of
the light emitter units in the two columns of light emitters.
[0021] Optionally, the light emitter includes two col-
umns of light emitter units arranged in the vertical direc-
tion; the two columns of light emitter units are staggered
from each other, and a light emitting region formed by the
light emitting regions of the two columns of light emitter
units is located in a middle region of the light emitter; and
the connection points are arranged in a side region of the
light emitter, respectively.

[0022] Optionally, each light emitter corresponds to
two drivers which are arranged on one side of the corre-
sponding light emitter close to the connection points of
the corresponding column of light emitter units, respec-
tively.

[0023] Optionally, the light emitter module includes
multiple light emitters and multiple drivers.

[0024] The multiple light emitters are arranged in multi-
ple columns in the vertical direction, and the multiple
columns of light emitters are staggered from each other;
and

the multiple drivers are arranged on one sides of the
connection points of the corresponding columns of light
emitter units of the corresponding light emitters, respec-
tively.

[0025] Optionally, atleast some of the multiple detector
units of the light receiver module are integrated and
packaged into a single light detector.

[0026] Optionally, the multiple detector units of the light
detector are distributed in multiple columns in the vertical
direction, and the multiple columns of detector units are
staggered from each other, to cause main axes of the
fields of view of the detector units to be offset from each
other.

[0027] Optionally, the light detector includes two col-
umns of detector units, and each detector unit includes a
detecting region and two connection points correspond-
ing to the detecting region; the detecting regions of the
light detector are arranged in two columns and located in
a middle region of the light detector in a staggered
manner; and the connection points corresponding to
the detecting regions are arranged in a side region of
the light detector.

[0028] Optionally, the light receiver module includes
multiple columns of light detectors, and the multiple
columns of detectors are arranged in a staggered man-
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ner and correspond to positions of the corresponding
light emitters.

[0029] Optionally, the light emitter includes a vertical
cavity surface emitting laser, and the light detector in-
cludes a silicone photomultiplier.

[0030] The embodiments of this disclosure further pro-
vide a LiDAR, including:

a light emitter and receiver module, configured to
emit a detection beam, receive an echo beam re-
flected by atarget object, and convert the echo beam
into an electrical signal; and

a processor module, configured to control the light
emitter and receiver module to emit the detection
beam, and determine target object measurement
information based on the detection beam and the
electrical signal corresponding to the echo beam.

[0031] The light emitter and receiver module includes:
a light emitter module and a light receiver module, and

the light emitter module is configured to emit a de-
tection beam;

the light receiver module is configured to receive an
echo beam of the detection beam reflected by the
target object and convert the echo beam into the
electrical signal;

a field of view of the light emitter module configured
to overlap vertically with a field of view of the light
receiver module, in a first direction, a size of the field
of view of the light emitter module is larger than a size
of the field of view of the light receiver module; in a
second direction, a size of the field of view of the light
emitter module is smaller than a size of the field of
view of the light receiver module; and the first direc-
tion is perpendicular to the second direction.

[0032] By the use of the light emitter and receiver
module based on the embodiments of this disclosure,
the field of view of the light emitter module overlaps
vertically with the field of view of the light receiver module,
and an overlapping region of the field of view of the light
emitter module and the field of view of the light receiver
module is a focal plane corresponding to an effective field
of view. In the first direction, the size of the field of view of
the light emitter module is larger than the size of the field
of view of the light receiver module, and in the second
direction, the size of the field of view of the light emitter
module is smaller than the size of the field of view of the
light receiver module; and the first direction is perpendi-
cular to the second direction. From the perspective of a
light alignment margin effect, allowable errors of the light
emitter module and the light receiver module are con-
sistent in the first direction and the second direction, and
the design margin of the light-emitting surface of the light
emitter module and the design margin of the light-sensing
surface of the light receiver module can be improved. In
such a case, the light alignment accuracy can be im-
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proved, and the consistency and stability of the distance
measurement capabilities of various channels can be
ensured.

[0033] Further, the light emitter module includes: multi-
ple light emitter units; the multiple light emitter units share
a common cathode or a common anode, and each light
emitter unit has a connection point; and the connection
point is electrically connected to unshared anode or
cathode of the corresponding light emitter unit. Because
the cathodes or anodes of the multiple light emitter units
are shared, an area of the connection point of each light
emitter unit can be reduced, and the energy and arrange-
mentdensity of the light emitter module can be increased.
Furthermore, each detector unit and one corresponding
light emitter unit form a detection channel, and one light
emitter unit can include multiple light emitter points. In
such a case, the energy densities of the various detection
channels can be increased, and the energy utilization
rate can be increased. In such a case, by the use of the
light emitter and receiver module including the light emit-
ter module and the light receiver module described
above, the detection accuracy can be improved.

[0034] Further, the multiple light emitter units of the
light emitter module are arranged in multiple columns in
the vertical direction, and the multiple columns of light
emitter units are staggered from each other, to cause the
detection beams emitted by the light emitter units to be
staggered from each other in the vertical direction. And,
accordingly, the multiple detector units of the light recei-
ver module are also arranged in multiple columns in the
vertical direction, and the multiple columns of detector
units are staggered from each other. The field of view of
each detector unit overlaps with the field of view of the
emitter unit corresponding to the detector unit. In such a
case, the vertical resolution of the light emitter and re-
ceiver module and the vertical resolution of the LIDAR
including the light emitter module can be improved, and
the density of a detected laser point cloud can be in-
creased.

[0035] Further, at least some of the multiple light emit-
ter units of the light emitter module are integrated and
packaged into a light emitter. Gaps between the various
light emitter units inside the light emitter can be further
reduced, and the density of the light emitter units per unit
area can be larger. In combination with the driver that
includes the multiple driver units for driving, the overall
size of the entire light emitter module can be reduced, and
the volume of the LiDAR applying the light emitter module
can be reduced.

[0036] Further, the light emitter includes two columns
of light emitter units arranged in the vertical direction; the
two columns of light emitter units are staggered from
each other, and a light emitting region formed by the light
emitting regions of the two columns of light emitter units is
located in a middle region of the light emitter; and the
connection points are arranged in a side region of the light
emitter, respectively. The overall size of the light emitter
module can be further reduced, and the energy utilization
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rate is further increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] To describe the technical solutions in the em-
bodiments of this disclosure or in the related art more
clearly, the following briefly introduces the accompanying
drawings for describing the embodiments or the related
art. Clearly, the accompanying drawings in the following
description show merely the embodiments of this disclo-
sure, and a person of ordinary skill in the art may still
derive other drawings from the provided accompanying
drawings without creative efforts.

Fig. 1 shows a schematic structural diagram of a light
emitter and receiver module, provided in embodi-
ments of this disclosure;

Fig. 2A and Fig. 2B show schematic diagrams of
optional embodiments of a relationship between
fields of view of a light emitter module and a light
receiver module in a light emitter and receiver mod-
ule, provided in embodiments of this disclosure;
Fig. 3A shows a schematic structural diagram of a
light emitter unit, provided in embodiments of this
disclosure;

Fig. 3B shows a schematic structural diagram of a
detector unit corresponding to the light emitter unit
shown in Fig. 3A;

Fig. 4A shows a schematic diagram of a layout
structure of multiple lasers of a light emitter module,
provided in embodiments of this disclosure;

Fig. 4B shows a schematic diagram of a layout
structure of detector units of a light receiver module
corresponding to the light emitter module shown in
Fig. 4A;

Fig. 5A shows a schematic diagram of a layout
structure of a light emitter, provided in embodiments
of this disclosure;

Fig. 5B shows a schematic diagram of a layout
structure of a light emitter module using the light
emitter shown in Fig. 5A;

Fig. 6A shows a schematic diagram of a layout
structure of another light emitter, provided in embo-
diments of this disclosure;

Fig. 6B shows a schematic diagram of a layout
structure of a light emitter module using the light
emitter shown in Fig. 6A;

Fig. 7A shows a schematic diagram of a layout
structure of a light detector, provided in embodi-
ments of this disclosure;

Fig. 7B shows a schematic diagram of a layout
structure of a light receiver module using the light
detector shown in Fig. 7A;

Fig. 8 shows a schematic diagram of simulation of a
detection rate of a light emitter and receiver module
that satisfies the field-of-view relationship shown in
Fig. 2A;

Fig. 9A shows a schematic diagram of a field-of-view
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relationship of a light emitter and receiver module in
the prior art;

Fig. 9B shows a schematic diagram of simulation of a
detection rate of a light emitter and receiver module
that satisfies the field-of-view relationship shown in
Fig. 9A;

Fig. 10A shows a schematic diagram of a field-of-
view relationship of another light emitter and receiver
module in the prior art;

Fig. 10B shows a schematic diagram of simulation of
a detection rate of another light emitter and receiver
module that satisfies the field-of-view relationship
shown in Fig. 10A; and

Fig. 11 shows a schematic structural diagram of a
LiDAR, provided in embodiments of this disclosure.

DETAILED DESCRIPTION

[0038] To improve the light alignment accuracy and
ensure the consistency and stability of the distance mea-
surement capabilities of various emitting and receiving
channels, the embodiments of this disclosure provide a
corresponding light emitter and receiver module and a
LiDAR using the light emitter and receiver module. Fields
of view of a light emitter module and a light receiver
module of the light emitter and receiver module vertically
overlap with each other. In addition, in a first direction, a
size of the field of view of the light emitter module is larger
than a size of the field of view of the light receiver module,
and in a second direction, a size of the field of view of the
light emitter module is smaller than a size of the field of
view of the light receiver module; and the first direction is
perpendicular to the second direction.

[0039] By the use of the above light emitter and recei-
ver module, from the perspective of a light alignment
margin effect, allowable errors of the light emitter module
and the light receiver module are consistent in the first
direction and the second direction, so that the design
margin of a light-emitting surface of the light emitter
module and the design margin of a light-sensing surface
of the light receiver module can be improved. In such a
case, the light alignment accuracy can be improved, and
the consistency and stability of the distance measure-
ment capabilities of various channels can be ensured.
[0040] To enable those skilled in the art to better under-
stand the technical concepts and technical principles of
the embodiments of this disclosure and to understand the
technical advantages and effects thereof, some specific
application embodiments are described in detail below in
conjunction with the accompanying drawings.

[0041] First, the embodiments of this disclosure pro-
vide a light emitter and receiver module. Referring to the
schematic structural diagram of a light emitter and re-
ceiver module shown in Fig. 1, the light emitter and
receiver module 10 includes: a light emitter module A
and a light receiver module B.

[0042] The light emitter module A is configured to emit
a detection beam; and
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the light receiver module B is configured to receive an
echo beam of the detection beam reflected by a target
object C and converting the echo beam into an electrical
signal.

[0043] A field of view of the light emitter module A
overlaps vertically with a field of view of the light receiver
module B. In a first direction, a size of the field of view of
the light emitter module is larger than a size of the field of
view of the light receiver module, and in a second direc-
tion, a size of the field of view of the light emitter module is
smaller than a size of the field of view of the light receiver
module; and the first direction is perpendicular to the
second direction.

[0044] Based on the above embodiment, the field of
view of the light emitter module A and the field of view of
the light receiver module B are overlapped with each
other, forming a certain overlapping region which is an
effective field of view region.

[0045] For example, when a field of view coverage
region of the light emitter module A and a field of view
coverage region of the light receiver module B are both
rectangular, the first direction and the second direction
correspond to two perpendicular side length directions,
respectively. Forthe light emitter module A, the size of the
field of view in the first direction is V1, and the size of the
field of view in the second direction is H1. For the light
receiver module B, the size of the field of view in the first
direction is V2, and the size of the field of view in the
second direction is H2, V1>V2, H1<H2. If the light emitter
module A and the light receiver module B use the above
sizes of the fields of view, respectively, a corresponding
effective field of view area is V2*H1/f2, f is a focal length.
[0046] Fig.2A and Fig. 2B show schematic diagrams of
optional embodiments of a relationship between fields of
view of a light emitter module and a light receiver module
of a light emitter and receiver module. Coverage regions
of the field of view of the light emitter module A and the
field of view of the light receiver module B are both
rectangular.

[0047] Firstly, referring to an embodiment of the rela-
tionship between fields of view of the light emitter module
A and the light receiver module B shown in Fig. 2A,
assuming that the first direction is a horizontal direction
and the second direction is a vertical direction, for the light
emitter module A, the size of the field of view Aa in the
horizontal direction is V1,, and the size in the vertical
direction is H1,, V1,>H1,. For the light receiver module
B, the size of the field of view Ba in the horizontal direction
is V2,, and the size in the vertical direction is H2,, and
H2,>V2,. As shownin Fig. 2A, in the horizontal direction,
the size V1, of the field of view of the light emitter module
Ais larger than the size V2, of the field of view of the light
receiver module B, that is, V1, >V2,; and in the vertical
direction, the size H1, of the field of view of the light
emitter module A is smaller than the size HA2 of the field
of view of the light receiver module B, that is, H1,<H2,.
[0048] Then, referring to another embodiment of the
relationship between fields of view of the light emitter
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module A and the light receiver module B shown in Fig.
2B, assuming that the first direction is a vertical direction
and the second direction is a horizontal direction, for the
lightemitter module A, the size of the field of view Ab in the
horizontal direction is V1g, and the size in the vertical
direction is H1g, V1g<H1g. For the light receiver module
B, the size of the field of view Bb in the horizontal direction
is V2g, and the size in the vertical dimension is H2, and
H25<V25. As shown in FIG. 2B, in the horizontal direc-
tion, the size V1 of the field of view of the light emitter
module Ais smaller than the size V25 of the field of view of
the light receiver module B, thatis, V15 <V25; and in the
vertical direction, the size H1B of the field of view of the
light emitter module A is larger than the size H2g of the
field of view of the light receiver module B, that is,
H1g>H2g.

[0049] Itcanbe seenfromthe above embodiments that
by the use of the above light emitter and receiver module,
main energy of a light spot returned by the detection
beam emitted by the light emitter module A is distributed
on an effective area of the light receiver module, and can
form an approximate "cross" shape. If the light spot of the
light emitter module is wider than the light receiver mod-
ule in the horizontal direction, the light spot of the light
emittermodule is smaller than the light receiver module in
the vertical direction. If the light spot of the light emitter
module is narrower than the light receiver module in the
horizontal direction, the light spot of the light emitter
module is smaller than the light receiver module in the
vertical direction. In this way, when there are light align-
ment errors such as an optical error, a structural error, a
patch error, and a temperature drift error, the same over-
lapping area and distance measurement capability can
still be maintained. In such a case, the light alignment
accuracy can be improved, and the consistency and
stability of the distance measurement capabilities of var-
ious emitting and receiving channels can be ensured.
[0050] Those skilled in the art can understand that the
above is only an illustrative description, and the embodi-
ments of this disclosure do not impose any limitation on
specific distribution shapes of the light emitter module A
and the light receiver module B and on shapes and
specific sizes of the fields of view of the light emitter
module A and the light receiver module B (e.g., the light
emitter module, the light receiver module, and the fields
of views corresponding to the light emitter module and the
light receiver module can be elliptical, rhombic, or the
like). In addition, the embodiments of this disclosure do
not limit specific directions of the first direction and the
second direction, as long as the first direction is perpen-
dicular to the second direction, the fields of view of the
light emitter module and the light receiver module verti-
cally overlap with each other, and the light emitter module
and the light receiver module satisfy the above size
relationshipsin the first direction and the second direction
that are perpendicular to each other.

[0051] In addition, it should be noted that the light
emitter and receiver module 10 shown in Fig. 1 is not
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used to limit an actual relative positional relationship
between the light emitter module and the light receiver
module. The light emitter and receiver module formed by
the light emitter module and the light receiver module can
be a paraxial system or a coaxial system, as long as the
fields of view of the light emitter module and the light
receiver module are intersected with each other perpen-
dicularly, satisfy the above relationships, and can overlap
perpendicularly. The target object C is only an embodi-
ment of any object that can be detected and does not
represent a specific object.

[0052] In some embodiments, the light emitter module
can use various types of light emitters. In embodiments of
this disclosure, a laser is taken as an example. More
specifically, the laser can use a VCSEL or a PCSEL.
Similarly, the light receiver module can also use various
types of light detectors. In embodiments of this disclo-
sure, an SiPM and a SPAD(s) are taken as an example. It
can be understood that the specific embodiments of light
emitter and the light detector in this disclosure are not
used to limit the protection scope of this disclosure, but
are merely illustrative examples to facilitate understand-
ing in conjunction with specific application scenarios.
[0053] In some embodiments of this disclosure, the
light emitter module can specifically include multiple light
emitter units; each light emitter unitincludes multiple light
emitter points; the multiple light emitter units share a
common cathode or a common anode; and each light
emitter unit has a connection point; the connection point
is electrically connected to unshared anode or cathode of
the corresponding light emitter unit. The light receiver
module caninclude multiple detector units; each detector
unit includes a detecting region and a connection point;
and at least one detector unit and one light emitter unit
form a detection channel.

[0054] In specific implementations, fields of view of
various detector units can all be relatively vertically over-
lapping with fields of view of the light emitter units corre-
sponding to the detector units, and in the first direction,
sizes of the fields of view of the various light emitter units
are larger than sizes of the fields of view of the corre-
sponding detector units, and in the second direction,
sizes of the fields of view are smaller than sizes of the
fields of view of the corresponding detector units.
[0055] When there are light alignment errors such as
an optical error, a structural error, a patch error, and a
temperature drift error, by causing fields of view of various
detector units to relatively vertically overlap with fields of
view of the light emitter units corresponding to the de-
tector units and satisfying the above size correspon-
dence relationships, it is possible to ensure that point
clouds detected by the various detection channels,
namely, an effective area of each point cloud on a focal
plane, or an effective detection angle range of each point
cloud of a LIiDAR, can maintain the same overlapping
area and distance measurement capability. In such a
case, the light alignment accuracy can be improved,
and the consistency and stability of the distance mea-
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surement capabilities of various emitting and receiving
channels can be ensured.

[0056] In some embodiments, the connection points
can be specifically wire bonding pads or wiring compo-
nents in other forms.

[0057] In some embodiments of this disclosure, each
light emitter unit includes two light emitting regions; the
two light emitting regions share a cathode; and each light
emitting region has a connection point. In a specific
embodiment, referring to the schematic structural dia-
gram of a light emitter unit shown in Fig. 3A, the light
emitter unit 3a includes a light emitting region 31A and a
light emitting region 32A. The light emitting region 31A
and the light emitting region 32A share the cathode. The
light emitting region 31A has a connection point 31a, and
the light emitting region 32A has a connection point 32a.
In some embodiments, the light emitter unit 3a can be an
independently packaged laser, the light emitting region
31A and the light emitting region 32A each have indivi-
dual substrates.

[0058] In some embodiments of this disclosure, corre-
sponding to the light emitter unit shown in Fig. 3A, the
detector unit 3b shown in Fig. 3B can be used. Specifi-
cally, the detector unit 3b includes two detecting regions,
namely a detecting region 31B and a detecting region
31B. The detecting region 31B corresponds to a connec-
tion point 31b, and the detecting region 32B corresponds
to a connection point 32b.

[0059] It can be understood that a detector unit can
also include only one detecting region. Regardless of the
quantity of detecting regions included in one detector
unit, in some embodiments, one detecting region can
correspond to one or more light emitting regions, or one
light emitting block can correspond to multiple detecting
regions.

[0060] In some embodiments of this disclosure, the
multiple light emitter units of the light emitter module
are arranged in multiple columns in the vertical direction,
and the multiple columns of light emitter units are stag-
gered from each other, to cause the detection beams
emitted by the light emitter units to be staggered from
each other in the vertical direction. Correspondingly, the
multiple detector units of the light receiver module are
also arranged in multiple columns, and the multiple col-
umns of detector units are staggered from each other.
The field of view of each detector unit vertically overlaps
with the field of view of the corresponding light emitter
unit. If each light emitter unit includes multiple light emit-
ting regions, each light emitting region has a detecting
region with a field of view vertically overlapping with the
light emitting region.

[0061] In a specific embodiment, referring to Fig. 4A
and Fig. 4B, a specific layout structure of a light emitter
module and a light receiver module are shown.

[0062] First, referring to a schematic diagram of a
layout structure of multiple lasers in a light emitter module
shown in Fig. 4A, the light emitter module 4a includes two
columns (namely, column 4a-0 column and column 4a-1)
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of multiple lasers 4ai arranged in the vertical direction.
The lasers in column 4a-0 and the lasers in column 4a-1
are staggered from each other. In this way, the detection
beams emitted by the lasers 4ai can be staggered from
each other in the vertical direction. More specifically, as
shown in Fig. 4A, each laser 4ai includes two light emit-
ting regions, and each light emitting region has a corre-
sponding connection point.

[0063] Then, referring to Fig 4B, showing a schematic
diagram of a layout structure of detector units in a light
receiver module corresponding to the light emitter mod-
ule shown in Fig. 4A, the light receiver module 4b in-
cludes two columns (namely, column 4b-0 and column
4b-1) of multiple detectors 4bj arranged in the vertical
direction. The detectors in column 4b-0 and the detectors
in column 4b-1 are staggered from each other. In this way,
the echo beams of the detectors 4bj can be staggered
from each otherin the vertical direction (namely, the main
axis of the field of view). Each detector 4bj includes a
detecting region, and each detecting region has a corre-
sponding connection point.

[0064] Referring to Fig. 4A and Fig. 4B, each laser 4ai
in Fig. 4A corresponds to two detectors 4bj in Fig. 4B. By
the use of the light emitter and receiver module including
the light emitter module 4a shown in Fig. 4A and the light
receiver module 4b shown in Fig. 4B, each laser 4ai has
the detector 4bj with the field of view that vertically over-
laps the laser. In such a case, from the perspective of a
light alignment margin effect, each laser and each de-
tector both have certain allowable errors in the horizontal
direction or the vertical direction, and the allowable errors
in the two directions are consistent, accordingly, the
overall design margin of the light-emitting surface of
the light emitter module and the light-sensing surface
of the light receiver module can be increased. The light
alignment accuracy can be improved, and the consis-
tency and stability of the distance measurement capabil-
ities of various channels can be ensured.

[0065] Moreover, through the staggered arrangement
of the multiple columns of lasers in the light emitter
module and the staggered distribution of the multiple
columns of detectors in the corresponding light receiver
module, the vertical resolution of the light emitter module
and the vertical resolution of a LiDAR including the light
emitter module can be improved. In such a case, the
density of a detected laser point cloud can be increased.
[0066] Insome embodiments, the connection points of
the two columns of staggered lasers can be located on
the same side of the light emitter module. Correspond-
ingly, the connection points of two columns of staggered
detectors can be located on the same side of the light
receiver module.

[0067] Toincrease the energy utilization rate of the light
emitter module, as shown in Fig. 4A, the various lasers
4ai of the light emitter module 4a are arranged in a
centrosymmetric manner, and the light emitting regions
of the various lasers 4ai in the two columns of lasers 4a-0
and 4a-1 are all located in a middle region of the light
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emitter module 4a, and the connection points are ar-
ranged in a side region of the light emitter module 4a,
respectively. Correspondingly, continuing to refer to Fig.
4B, the two columns of light detectors 4b-0 and 4b-1 of the
light receiver module 4b are arranged in a centrosym-
metric manner, and the detecting regions of the two
columns of light detectors 4bj are located in a middle
region of the light receiver module 4b, and the connection
points are respectively arranged in a side region of the
light receiver module 4b.

[0068] In some embodiments, to improve the integra-
tion level of the device and reduce the volume of the
LiDAR, at least some of the multiple light emitter units of
the light emitter module can be integrated and packaged
into a light emitter. Similarly, at least some of the multiple
detector units can also be integrated and packaged into a
light detector. Specifically, two or more light emitter units
can be packaged into a light emitter, and two or more
detector units can be packaged into a light detector. In
applications of the LiDAR, based on a desired detection
accuracy, if a specific application needs 128-line LiDAR
and each light emitter unit only includes one light emitting
region, eight light emitters formed by packaging 16 light
emitter units can be used. Correspondingly, if each de-
tector unit only includes one detecting region, eight light
detectors formed by packaging 16 detector units can be
used.

[0069] In a specific application process, the light emit-
ter module can further include a driver; the driver can
include multiple driver units; and each driver unit is con-
figured to drive, in response to a driving signal, the
corresponding light emitter unit of the light emitter to emit
the detection beam.

[0070] To improve the integration level of the device
and facilitate wiring, the connection points and the light
emitting regions of the various light emitter units of the
light emitter can be arranged in columns.

[0071] In some embodiments of this disclosure, the
light emitter includes: multiple columns of staggered light
emitting regions; and connection points that are arranged
in a single column and correspond to the various light
emitting regions, and the connection points arranged in
the single column are arranged in a side region of the light
emitter. Correspondingly, the driver is arranged on one
side close to the connection points of the light emitter
units of the light emitter. The connection points of the
various driver units are respectively electrically con-
nected to the connection points of the corresponding
light emitter units.

[0072] As mentioned above, in specific embodiments,
the light emitter module caninclude multiple light emitters
and multiple drivers. The multiple light emitters can be
arranged in multiple columns in the vertical direction, and
the multiple columns of light emitters are staggered from
each other; and the multiple drivers can be arranged on
one sides of the corresponding light emitters close to the
connection points of the light emitter units, respectively.
[0073] Referring to a schematic diagram of a layout
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structure of a light emitter shown in Fig. 5A. The light
emitter 5a includes two columns (column 5a-0 and col-
umn 5a-1) of light emitting regions 5ai located on a right
side part of the light emitter. The two columns of light
emitting regions 5ai are distributed in a staggered man-
ner; and a column (5a-w) of connection points 5am
located in a left side region of the light emitter 5a. For
the light emitter 5a shown in Fig. 5A, single-sided driving
can be used. Forexample, a driver chip 50 is arranged on
a left side of the light emitter 5a, and the various driver
units (not shown) in the driver chip 50 are electrically
connected to the connection points 5am of the corre-
sponding light emitter units through the connection points
(not shown), respectively.

[0074] In an embodiment of this disclosure, a light
emitter module using the light emitter shown in Fig. 5A
is as shown in Fig. 5B. The light emitter module 5b can
include multiple light emitters 52, and the multiple light
emitters 52 are distributed in two columns (namely, col-
umn 52-0 and column 52-1) in a staggered manner.
Optionally, the two columns of light emitters 52 are ar-
ranged in a centrosymmetric manner; and the connection
points 5am of the light emitter units of each light emitter 52
are all located in an outer side region of a light emitting
region formed by the light emitting regions of the light
emitter units in the two columns of light emitters 52.
Correspondingly, each light emitter 52 is configured with
one driver chip 53, and each driver chip 53 is located on
one side of the corresponding light emitter 52 close to the
connection point region, that is, the single-sided driving
way is used. As shown in Fig. 5B, two columns (namely,
column 53-0 and column 53-1) of driver chips are corre-
spondingly arranged on two sides of a middle light emit-
ting region formed by the light emitters. In some embodi-
ments, the light emitter module 5b can also include a light
emitter circuit board 51, and the various light emitters 52
and driver chips 53 can be arranged on the light emitter
circuit board 51 based on the layout shown in Fig. 5B.
[0075] In a specific embodiment, referring to Fig. 5B,
any two adjacent light emitters 52 in the two columns of
light emitters can be connected to each other in the
vertical direction and compactly distributed to form an
HD1D linear array, which further increases the size of the
field of view of the light emitter and receiver module in the
vertical direction.

[0076] It should be noted that the specific layout struc-
ture of the light emitters is not limited to the structure of the
above embodiment. In some embodiments, different lay-
out structures can be used based on requirements. An-
other layout structure is shown below.

[0077] In a specific embodiment, the light emitter in-
cludes two columns of light emitter units arranged in the
vertical direction; the two columns of light emitter units
are staggered from each other, and a light emitting region
formed by the light emitting regions of the two columns of
light emitter units is located in a middle region of the light
emitter; and the connection points are arranged in a side
region of the light emitter, respectively. If the light emitter
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with this layout structure is used, in an optional embodi-
ment, each light emitter in the light emitter module corre-
sponds to two drivers which can be arranged on one side
of the corresponding light emitter close to the connection
points of the corresponding column of light emitter units,
respectively, namely, double-sided driving is used. When
the double-sided driving is used, the size of the light
emitter can be further reduced, and the energy utilization
rate is higher.

[0078] Referring to a schematic diagram of a layout
structure of a light emitter shown in Fig. 6A, in other
embodiments of this disclosure, to further optimize the
performance of the LiDAR, double-sided driving can be
used. Firstly, as shown in Fig. 6A, the light emitter 6a
includes two columns (namely, column 6a-0 and column
6a-1) of light emitter units 6ai arranged in the vertical
direction; the two columns (namely, column 6a-0 and
column 6a-1) of light emitter units 6ai are staggered from
each other, and light emitting regions 61 of the two
columns of light emitter units is located in a middle region
of the light emitter 6a; and connection points 61a are
arranged in a side region of the light emitter 6a, respec-
tively.

[0079] For the light emitter shown in Fig. 6A, in a
specific application process, to drive the light emitter to
emit light, two driver chips can be arranged on left and
right sides of the light emitter 6a, respectively, and con-
nection points of driver units in the driver chips are
electrically connected to connection points of the corre-
sponding light emitter units 6ai on the corresponding
sides, respectively.

[0080] In an embodiment of this disclosure, a light
emitter module using the light emitter shown in Fig. 6A
is as shown in Fig. 6B. The light emitter module 6b can
include multiple light emitters 62, and the multiple light
emitters 62 are distributed in two columns in a staggered
manner. Optionally, the two columns of light emitters 62
are arranged in a centrosymmetric manner; and the
connection points of the light emitter units of each light
emitter 62 are all located in an outer side region of a light
emitting region formed by light emitting regions of the light
emitter units in the two columns of light emitters 62.
Correspondingly, each light emitter 62 is configured with
two driver chips 63, and the two driver chips 63 are
located on one side of the corresponding light emitter
62 close to the connection point region, respectively, that
is, the double-sided driving way is used. As shown in Fig.
6B, two columns of driver chips are correspondingly ar-
ranged on two sides of a middle light emitting region
formed by the light emitters 62. In some embodiments,
the light emitter module 6b can also include a light emitter
circuit board 61, and the various light emitters 62 and
driver chips 63 can be arranged on the light emitter circuit
board 61 based on the layout shown in Fig. 6B.

[0081] In a specific embodiment, continuing to refer to
Fig. 6B, any two adjacent light emitters 62 in the two
columns of light emitters 62 can be connected to each
other in the vertical direction and compactly distributed to
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form an HD1D linear array, which further increases the
size of the field of view of the light emitter module in the
vertical direction.

[0082] As mentioned above, at least some of the multi-
ple detector units of the light receiver module are inte-
grated and packaged into a light detector. In some em-
bodiments of this disclosure, the multiple detector units in
the light detector are arranged in multiple columns in the
vertical direction, and the multiple columns of detector
units are staggered from each other, to cause the detec-
tor units to be staggered from each other in the vertical
direction.

[0083] Referring to a schematic diagram of a layout
structure of a light detector shown in Fig. 7A, the light
detector 7a includes two columns (column 7a-0 and
column 7a-1) of detector units. Each detector unit can
include one detecting region 71 and connection points
71a corresponding to the detecting region 71. One de-
tecting region 71 can correspond to two connection
points 71a. In addition, continuing to refer to Fig. 7A, in
addition to the connection points corresponding to the
detecting region 71, some other connection points can
also be provided. For example, some connection points
are configured to provide a control signal, or only serve as
empty backup connection points. In optional embodi-
ments, the light detector 7a includes two columns of
detecting regions 71, and the detecting regions 71 are
distributed in a staggered manner in a middle region of
the light detector 7a, and the connection points 71a
corresponding to the detecting regions 71 are arranged
in a side region of the light detector 7a.

[0084] In some embodiments, if the light emitter mod-
ule of the light emitter and receiver module includes
multiple columns of light emitters, correspondingly, the
light receiver module can include multiple columns of
light detectors, and the multiple columns of detectors
are distributed in a staggered manner and correspond
to positions of the corresponding light emitters. Referring
to a schematic diagram of a layout structure of the light
receiver module shown in Fig. 7B, for example, if the light
emitter module 6b shown in Fig. 6B uses the light detector
7a shown in Fig. 7A, the corresponding light receiver
module can use the layout structure shown in Fig. 7B.
Specifically, the light receiver module 7b caninclude: two
columns (namely, column 7b-0 and column 7b-1) of light
detectors 72 which are staggered from each other in the
vertical direction. In some embodiments, the two col-
umns can be arranged on a light receiver circuit board
71 and have a compact layout so as to reduce the size of
the light receiver module 7b.

[0085] To enable those skilled in the art to more intui-
tively understand the technical effects of the use of the
embodiments of this disclosure, simulation and compar-
ison are performed on the detection rates of the light
emitter and receiver modules with the layout structures in
the solution of the embodiments of this disclosure and
two prior arts.

[0086] Fig. 8 shows a schematic diagram of simulation
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of a light detection rate of a light emitter and receiver
module that satisfies the field-of-view relationship shown
in Fig. 2A. It can be seen that if the light emitter and
receiver module that satisfies the field-of-view relation-
ship shown in Fig. 2A is used, within a range where a
detection distance Ds is approximately less than 220 m,
the detection rate Dr basically remains at 1. After the
detection distance Ds is greater than 220 m, the detection
rate Dr begins to slowly decrease.

[0087] The following is a brief description of another
two light emitter and receiver modules that have field-of-
view relationships different from the relationship between
fields of view the of light emitter module and the light
receiver module in the light emitter and receiver module
based on the embodiments of this disclosure.

[0088] Inalight emitter and receiver module, the fields
of view of both the light emitter module and the light
receiver module are circular, and the size of the field of
view of the light emitter module is smaller than the size of
the field of view of the light receiver module. Fig. 9A
shows a schematic diagram of a field-of-view relationship
of a light emitter and receiver module. A radius TO of a
field of view TX1 of alight emitter module is smallerthan a
radius RO of a light receiver module RX1, thatis, TO <RO0.
Fig. 9B shows a schematic diagram of simulation of a
detection rate of a light emitter and receiver module that
satisfies the field-of-view relationship shown in Fig. 9A. It
can be obviously seen that within a range where a detec-
tion distance Ds is approximately less than 180 m, the
detection rate Dr basically remains at 1. After the detec-
tion distance Ds is greater than 180 m, the detection rate
Dr begins to rapidly decrease.

[0089] In the other light emitter and receiver module,
the fields of view of both the light emitter module and the
light receiver module are square, and the size of the field
of view of the light emitter module is smaller than the size
of the field of view of the light receiver module. Fig. 10A
shows a schematic diagram of a field-of-view relationship
of a light emitter and receiver module. A field of view TX2
of a light emitter module and a field of view RX2 of a light
receiver module are both rounded squares. A side length
Ta of the field of view TX2 of the light emitter module is
smaller than a side length Ra of the field of view RX2 of
the light receiver module, that is, Ta<Ra. Fig. 10B shows
a schematic diagram of simulation of light alignment
efficiency of a light emitter and receiver module that
satisfies the field-of-view relationship shown in Fig.
10A. It can be obviously seen that within a range where
adetection distance Ds is approximately less than 190 m,
the detection rate Dr basically remains at 1. After the
detection distance Ds is greater than 190 m, the detection
rate Dr begins to rapidly decrease.

[0090] It can be seen from the above simulation and
comparison test that using the light emitter and receiver
module in the embodiments of this disclosure can im-
prove the light alignment accuracy.

[0091] In some embodiments, the light emitter and
receiver module can be applied to various devices. As
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a specific application, the light emitter and receiver mod-
ule can be applied to a LIDAR. Referring to a schematic
structural diagram of aLiDAR shownin Fig. 11, the LIDAR
110 can include: a light emitter and receiver module 111
and a processor module 112.

[0092] The light emitter and receiver module 111 is
configured to emit a detection beam, receive an echo
beam reflected by a target object (e.g., target object P),
and convert the echo beam into an electrical signal; and
the processor module 112 is configured to control the light
emitter and receiver module to emit the detection beam,
and determine target object measurement information
based on the detection beam and the electrical signal
corresponding to the echo beam.

[0093] In embodiments of this disclosure, the light
emitter and receiver module 111 can include: a light
emitter module 11A and a light receiver module 11B.
[0094] The light emitter module 11A is configured to
emit a detection beam; and

the light receiver module 11B is configured to receive an
echo beam of the detection beam reflected by a target
object (e.g., target object P) and convert the echo beam
into an electrical signal.

[0095] Furthermore, a field of view of the light emitter
module 11A overlaps vertically with a field of view of the
light receiver module 11B. In a first direction, a size of the
field of view of the light emitter module 11Ais largerthan a
size of the field of view of the light receiver module, and in
a second direction, a size of the field of view of the light
emitter module is smaller than a size of the field of view of
the light receiver module 11B; and the first direction is
perpendicular to the second direction.

[0096] The light emitter and receiver module 111 can
be specifically implemented using the light emitter and
receiver module in the aforementioned embodiments of
this disclosure to ensure the consistency and stability of
the distance measurement capabilities of various emit-
ting and receiving channels. For specific embodiments of
the light emitter and receiver module, refer to the various
specific embodiments of the light emitter and receiver
module, and no detailed explanation is made here.
[0097] In some embodiments, the processor module
112 can be independently implemented by any one of
devices such as a single-chip microcomputer, a central
processing unit, a programmable logic controller, and a
field-programmable gate array ("FPGA"), or can be im-
plemented through a combination of various devices.
[0098] Although the embodiments of this disclosure
are disclosed above, this disclosure is not limited to this.
Any person skilled in the art can make various alterations
and modifications without departing from the spirit and
scope of this disclosure. Therefore, the protection scope
of this disclosure should be subject to the scope defined
by the claims.
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Claims

1.

A light emitter and receiver module, comprising: a
light emitter module and a light receiver module,
wherein

the light emitter module is configured to emit a
detection beam;

the light receiver module is configured to receive
an echo beam ofthe detection beam reflected by
a target object and convert the echo beam into
an electrical signal;

a field of view of the light emitter module con-
figured to overlap vertically with a field of view of
the light receiver module, wherein

in afirstdirection, a size of the field of view of
the light emitter module is larger than a size
of the field of view of the light receiver mod-
ule,

in a second direction, a size of the field of
view of the light emitter module is smaller
than a size of the field of view of the light
receiver module, and

the first direction is perpendicular to the
second direction.

The light emitter and receiver module of claim 1,
wherein the light emitter module comprises: a plur-
ality of light emitter units; each light emitter unit
comprises a plurality of light emitter points; the plur-
ality of light emitter units share a common cathode or
a common anode; and each light emitter unit has a
connection point which is electrically connected to
unshared anode or cathode of the corresponding
light emitter unit;

the light receiver module comprises: a plurality of
detector units; each detector unit comprises a de-
tecting region and a connection point; and at least
one detector unit and one light emitter unit form a
detection channel.

The light emitter and receiver module of claim 2,
wherein the light emitter unit comprises two light
emitting regions; each light emitting region com-
prises at least one of the light emitter points; the
two light emitting regions share a cathode; and each
light emitting region has a connection point.

The light emitter and receiver module of claim 2 or 3,
wherein the plurality of light emitter units of the light
emitter module are arranged in multiple columnsina
vertical direction, and the multiple columns of light
emitter units are staggered from each other, to cause
the detection beams emitted by the various light
emitter units to be staggered from each other in
the vertical direction;

the plurality of detector units of the light receiver
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module are arranged in a plurality of columns in the
vertical direction, the plurality of columns of detector
units are staggered from each other, and the field of
view of each detector unit overlaps with the field of
view of the emitter unit corresponding to the detector
unit.

The light emitter and receiver module of claim 4,
wherein the light emitter units are independently
packaged lasers, and each light emitting region
has an individual substrate.

The light emitter and receiver module of claim 4,
wherein at least some of the plurality of light emitter
units of the light emitter module are integrated and
packaged into a single light emitter;

the light emitter module further comprises: a driver;
the driver comprises a plurality of driver units; and
each driver unit is configured to drive the corre-
sponding light emitter unit in the light emitter to emit
the detection beam.

The light emitter and receiver module of claim 6,
wherein the connection points and the light emitting
regions of the various light emitter units of the light
emitter are arranged in columns, respectively.

The light emitter and receiver module of claim 7,
wherein the light emitter comprises:

a plurality of columns of staggered light emitting
regions; and

connection points that are arranged in a single
column and correspond to the various light emit-
ting regions, and the connection points arranged
in the single column are arranged in a side
region of the light emitter;

the driver is arranged on one side close to the
connection points of the light emitter units of the
light emitter, wherein connection points of the
various driver units are electrically connected to
the connection points of the corresponding light
emitter units, respectively.

The light emitter and receiver module of claim 8,
wherein the light emitter module comprises a plur-
ality of light emitters and a plurality of drivers, where-
in

the plurality of light emitters are arranged in a
plurality of columns in the vertical direction, and
the multiple columns of light emitters are stag-
gered from each other; and

the plurality of drivers are arranged on one sides
of the corresponding light emitters close to the
connection points of the light emitter units, re-
spectively.
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10.

1.

12.

13.

14.

15.

16.
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The light emitter and receiver module of claim 9,
wherein the light emitter module comprises two col-
umns of light emitters, and the two columns of light
emitters are arranged in a centrosymmetric manner;
and the connection points of the light emitter units of
each light emitter are located in an outer side region
of a light emitting region formed by the light emitting
regions of the light emitter units in the two columns of
light emitters.

The light emitter and receiver module of claim 6,
wherein the light emitter comprises two columns of
light emitter units arranged in the vertical direction;
the two columns of light emitter units are staggered
from each other, and a light emitting region formed by
the light emitting regions of the two columns of light
emitter units is located in a middle region of the light
emitter; and the connection points are arranged in a
side region of the light emitter, respectively.

The light emitter and receiver module of claim 11,
wherein each light emitter corresponds to two drivers
which are arranged on one side of the corresponding
light emitter close to the connection points of the
corresponding column of light emitter units, respec-
tively.

The light emitter and receiver module of claim 12,
wherein the light emitter module comprises a plur-
ality of light emitters and a plurality of drivers, where-
in

the plurality of light emitters are arranged in
multiple columns in the vertical direction, and
the multiple columns of light emitters are stag-
gered from each other; and

the plurality of drivers are arranged on one sides
of the connection points of the corresponding
columns of light emitter units of the correspond-
ing light emitters, respectively.

The light emitter and receiver module of claim 6,
wherein at least some of the plurality of detector
units of the light receiver module are integrated
and packaged into a single light detector.

The light emitter and receiver module of claim 14,
wherein the plurality of detector units of the light
detector are arranged in multiple columns in the
vertical direction, and the multiple columns of detec-
tor units are staggered from each other, to cause
main axes of the fields of view of the detector units to
be offset from each other.

The light emitter and receiver module of claim 15,
wherein the light detector comprises two columns of
detector units, wherein each detector unit comprises
a detecting region and two connection points corre-
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sponding to the detecting region; the detecting re-
gions of the light detector are arranged in two col-
umns and located in a middle region of the light
detector in a staggered manner; and the connection
points corresponding to the detecting regions are
arranged in a side region of the light detector.

The light emitter and receiver module of claim 16,
wherein the light receiver module comprises multiple
columns of light detectors, and the multiple columns
of detectors are arranged in a staggered manner and
correspond to positions of the corresponding light
emitters.

The light emitter and receiver module of claim 14,
wherein the light emitter comprises a vertical cavity
surface emitting laser, and the light detector com-
prises a silicone photomultiplier.

A LIiDAR, comprising:

a light emitter and receiver module, configured
to emit a detection beam, receive an echo beam
reflected by a target object, and convert the echo
beam into an electrical signal; and

a processor module, configured to control the
light emitter and receiver module to emit the
detection beam, and determine target object
measurement information based on the detec-
tion beam and the electrical signal correspond-
ing to the echo beam,

wherein the light emitter and receiver module
comprises: a light emitter module and a light
receiver module, wherein

the light emitter module is configured to emit a
detection beam;

the light receiver module is configured to receive
an echo beam of the detection beam reflected by
a target object and convert the echo beam into
an electrical signal;

a field of view of the light emitter module con-
figured to overlap vertically with a field of view of
the light receiver module, wherein in a first direc-
tion, a size of the field of view of the light emitter
module is larger than a size of the field of view of
the light receiver module, and in a second direc-
tion, a size of the field of view of the light emitter
module is smaller than a size of the field of view
of the light receiver module; and the first direc-
tion is perpendicular to the second direction.
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